INTRODUCTION

Paragraph 1
Over the last decade a high number of studies have applied intermittent field testing modes such as the Yo-Yo Intermittent Recovery tests (Yo-Yo IR1 and IR2) and the Yo-Yo Intermittent Endurance tests (Yo-Yo IE1 and IE2) in order to examine the importance of training status (27) , tactical role (21) , seasonal period (26) , heat acclimatization (35) , nutritional supplementation (29, 409 ) and different training regimes (10, 13, 15, 19, 28) for soccer players and other athletes in intermittent sports. In contrast to standard exercise laboratory tests consisting of continuous or incremental treadmill and cycling exercise with concomitant monitoring of the maximum oxygen uptake (VO2max), submaximal heart rates and blood lactate responses, the Yo-Yo tests have shown to possess construct and ecological validity for elite team sport performance (1, (4) (5) (6) 38) and to be sensitive to detect training-induced changes in intermittent exercise performance (10, 15, 23, 37) .
Specifically, it has been observed that the Yo-Yo IE2 test performance is highly correlated to running performance in competitive elite soccer matches for men and women (4, 5) and that the aerobic response to the test is altered according to the training-induced changes in soccer-specific fitness for elite male and female players during a competitive season (4, 10) .
Paragraph 2
Invasive studies have been conducted examining the physiological response to the Yo-Yo IR1 (20) and Yo-Yo IR2 tests (22, 28) . These studies demonstrated moderate to large magnitude correlations between the heart rate and blood lactate response during the first part of the tests and test performances and also that short-term high-intensity aerobic training as well as anaerobic training can lower the heart rate, muscle lactate and blood lactate concentration during the first part of the Yo-Yo IR tests and that there was a markedly higher anaerobic energy production determined as greater lactate production and creatine phosphate (CP) breakdown in the Yo-Yo IR2 test compared to the Yo-Yo IR1 test (1, 20, 22, 28) . Furthermore, these studies revealed a poor relationship between changes in VO2max and changes in Yo-Yo IR performance after short-term training and showed moderate correlations between VO2max and Yo-Yo IR performances for a large group of subjects with a large range in fitness level (1) . However, invasive studies examining the muscle and blood metabolite response during the Yo-Yo IE2 test have not yet been conducted for trained soccer players, and likewise it is yet to be investigated whether the importance of VO2max and other potential determinants of the Yo-Yo IE2 performance differ between untrained individuals and trained soccer players.
Paragraph 3
The Yo-Yo Intermittent Endurance test level 2 (Yo-Yo IE2) has a speed progression comparable to the Yo-Yo IR1 test (1) , but the recovery periods between the shuttle runs are only 5 s, which is half the duration in comparison to the recovery periods in the Yo-Yo IR1 test (10 s). It is well-known that trained individuals have higher VO2max values as well as lower heart rates and blood lactate concentrations during standardized submaximal continuous exercise, and that these variables are largely correlated to endurance exercise performance for untrained as well as trained endurance athletes (17) . However, it is has not been examined to what extent the physiological response to a team sports specific intermittent exercise protocol such as the Yo-Yo IE2 test differs between untrained subjects and well-trained soccer players and whether there are differences in the determinants of intermittent exercise performance of the two groups. The latter can be investigated by correlating the VO2max, the time to exhaustion in an incremental treadmill test, the muscle oxidative capacity and the anaerobic energy production to the Yo-Yo IE2 performances of the two distinct groups. Likewise it would be of interest to evaluate whether the physiological response to the first part of the test is correlated to the Yo-Yo IE2 running distance at exhaustion for trained soccer players that are familiar with the exercise mode in the test as well as for untrained individuals. This can be investigated by correlating the heart rate and the blood lactate values at fixed times in the first part of the Yo-Yo IE2 test to the Yo-Yo IE2 test performance.
Paragraph 4
Thus, the aim of the present study was to examine heart rate , blood and muscle metabolite responses during the Yo-Yo IE2 test in untrained men and trained soccer players and to study the determinants of intermittent exercise performance for these subject groups. wks prior to the main experimental day.
METHODS
Paragraph
Paragraph 7
The Yo-Yo intermittent endurance test -level 2 (Yo-Yo IE2)
The Yo-Yo IE2 test was performed in accordance with previous studies (4, 5) . Spring Instruments, Ohio, USA), with a CV value of 5% for duplicate measurements (9) . The remainder of the blood collected was immediately centrifuged and the plasma removed and stored at -20 ºC. Plasma potassium concentration was measured using flame photometry (Radiometer FLM3, Copenhagen, Denmark) with lithium as internal standard. Plasma ammonia (NH3) was determined spectophotometrically (11) . Plasma free fatty acid (FFA) concentration was measured using an enzymatic kit (WAKO Chemical, GmbH, Neuss, Germany).
Paragraph 10
Muscle metabolite and enzyme analysis
The muscle tissue (~60 mg wet weight) was immediately frozen in liquid nitrogen and stored at -80ºC. The frozen sample was weighed both before and after freeze-drying to determine water content. After freeze-drying, the muscle sample was dissected free of blood, fat and connective 
RESULTS
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Performance and VO2max Fig 1A) . At exhaustion, heart rate was 189±10 and 194±7 bpm for UTR and TR, respectively, or 97±3 and 99±3% of the HRmax (ES: 1.0). No group differences were observed in the recovery period (Fig.   1A ).
Paragraph 15
Muscle metabolites and pH
Muscle metabolite concentrations and pH before, at exhaustion and after 3 min of recovery from the Yo-Yo IE2 test are presented in Fig. 2A) .
Paragraph 19
Plasma NH3 concentration was markedly higher (P<0.01) for UTR than TR at all time points (ES:
2.0-3.8; Fig 2B) . For UTR, plasma NH3 concentration peaked at 269±94 mmol·L -1 , which was higher (P<0.01) than for TR (105±17 µmol•L -1 ; ES: 7.4).
Paragraph 20
Blood glucose concentration was similar in UTR and TR at rest and during the first 400 m of the 
DISCUSSION
Paragraph 23
The present study demonstrates that the Yo-Yo IE2 test can clearly separate performance and metabolite response between untrained participants and trained soccer players. Additionally, it was revealed that intermittent exercise performance of the untrained individuals correlated to maximal oxygen uptake and muscle CS activity, whereas no such correlations were for the trained soccer players.
Paragraph 24
Positive moderate to large magnitude correlations were observed between the Yo-Yo IE2 test performance and VO2max as well as muscle CS activity for the untrained group, suggesting that the test can evaluate the aerobic capacity of untrained individuals. The test duration for the untrained subjects was around 4 min, which is similar to the duration observed when trained individuals performed the Yo-Yo intermittent recovery level 2 test (Yo-Yo IR2) (15, 22) . The mean rate of CP utilization was slightly higher for the untrained subjects in the present study compared to the trained individuals during the Yo-Yo IR2 test (16.5 vs. 12.8 mmol·kg -1 d.w·min -1 ), whereas the rate of muscle lactate accumulation (16.8 vs. 16.2 mmol·kg -1 d.w·min -1 ) was of similar magnitude (22) .
Also the heart rate response reaching maximum heart rate at the end was the same. Thus, the metabolic response to the Yo-Yo IE2 test for untrained subject correspond to that observed in the Yo-Yo IR2 test for trained subjects, and although not originally designed for untrained subjects, the test can therefore also be used to examine the anaerobic capacity of untrained men.
Paragraph 25
For the trained soccer players the duration of the Yo-Yo IE2 test was around 13 min corresponding to a performance of 2027 m, which is similar to performance of central defenders in the English Premier League but 10-30% lower than for Premier League players of other outfield playing positions (4) and for Danish Premier League players (10) . For the trained subjects both the mean rate of CP utilization and muscle lactate accumulation was about 4-fold lower than observed for a similar group of soccer players performing the Yo-Yo IR2 test (22) . Furthermore, the rate of rise in heart rate was observed to be significantly slower in the Yo-Yo IE2 test, as 90% of individual maximal heart rate was reached after about 7 min on average in The Yo-Yo IE2 test compared to 3-4 min in Yo-Yo IR2 test (14, 15, 22) . Thus, although reaching the same muscle CP and lactate as well as heart rate at exhaustion during the tests, the metabolic response to the two tests are clearly different. It is also confirmed by the lower blood lactate levels obtained after the Yo-Yo IE2 test compared to the Yo-Yo IR2 test (Exh: 9.8 vs. 13.6 mM; 15 min Rec: 6.0 vs 10.4 mM) (14, 22) and the rather low plasma ammonia levels observed at the end of the Yo-Yo IE2 test. Thus, the anaerobic loading appear to be markedly lower during the Yo-Yo IE2 than the IR2 test for trained individuals suggesting that the test can be labeled as a predominately aerobic intermittent test for team sport athletes.
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The present study revealed that the physiological response to the Yo-Yo IE2 test is different for untrained than for trained soccer players. The heart rates were 15-20 bpm higher for the untrained subjects at any given time from 1.5 min to the time of exhaustion and the time with heart rates above 90% of maximal heart rate was only 15% of the time achieved by the trained soccer players.
As previously observed in studies using the Yo-Yo IR1 and Yo-Yo IR2 test (1, 20, 22) , we also found the that heart rate values after 2 min for the untrained and after 2-6 min for the trained was correlated to end performance in the test. Also blood lactate responses were markedly different between the untrained and the trained individuals with 3-4 fold higher values for the untrained at any given time during their test. However, in contrast to previous findings in Yo-Yo IR1 and YoYo IR2 studies (1, 5, 20, 22) , no significant correlations were observed between sub-maximal blood lactates and the performance in the Yo-Yo IE2 test. The end-exercise heart rate and blood lactate as well as the exercise-induced changes in muscle CP, lactate and glycogen were not different between the untrained and trained. However when expressed in relation to the exercise time (4 vs.
13 min) muscle and blood lactate accumulation and the muscle CP and glycogen breakdown were 4-fold greater in the untrained compared to the trained participants. In the present study it was observed that the peak heart rate reached during the Yo-Yo IE2 test were 189±10 and 194±7 bpm for untrained and trained, respectively, corresponding to 97±3 and 99±3% of the HRmax attained during the incremental treadmill test to exhaustion. The peak heart rate values obtained for the trained subjects in the present study were similar to values obtained for trained subject during the Yo-Yo IR1 and Yo-Yo IR2 tests confirming that that the Yo-Yo IE2 test can be used as an easy and time-efficient method to determine maximal heart rates of all the players in a team. However, when the exercise time is short, as observed for the untrained subjects in the present study, it appears that not all individuals reach their maximal heart rate using the Yo-Yo tests as also observed in a previous Yo-Yo IR2 study (1) .
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The finding of correlations between VO2, muscle CS activity and performance in the Yo-Yo IE2 test for the untrained, but not the trained group suggest that the main determinants of intense intermittent exercise performance differ between the trained soccer players and the untrained individuals. Thus, the aerobic energy production appears to play a more important role for fatigue resistance in the untrained group during intense intermittent exercise compared to the trained group. While blood and lactate concentrations, as well as CP levels and muscle pH at exhaustion
were not different between the untrained and the trained, it was observed that the plasma K + concentration at exhaustion was higher in the trained soccer players compared to the untrained.
Fatigue during intense exercise has been linked to depolarization of the muscle membrane resting potential due to disturbances in the muscle ion homeostasis (8, 25) , where extracellular K + accumulation has been proposed as a key factor (18, 29, 31) . In other studies using intense intermittent exercise protocols venous plasma K + concentrations between 6-7 mM were reached at the point of exhaustion (20, 22, 28, 30) , which is similar to the level observed for the trained group in the present study. However, the untrained participants in the present study had a 12% lower plasma potassium concentration at exhaustion. Thus, the higher venous plasma K + levels at exhaustion in the trained group in the present study may indicate that trained individuals are capable of exhausting the muscle ion homeostasis to a greater degree than the untrained subjects, who due to a low aerobic capacity may fatigue before fully exhausting the muscle ion balance.
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Venous plasma ammonia was markedly higher in the untrained individual during the entire test.
Ammonia has been suggested as a cause of fatigue during intense exercise through centrally mediated mechanisms (32, 39) . At exhaustion the untrained reached concentrations above 200 µmol·L -1 which is of similar magnitude to findings in other comparable intermittent protocols (20, 22, 29, 30) . In contrast the trained group display very low concentrations even at exhaustion (~100 µmol·L -1 ). Ammonia is produced in the muscles during breakdown of AMP or during oxidation of branch-chained amino acids, but neither adenine nucleotide turnover nor protein metabolism were assessed in the present study. However, an increased ammonia production has been linked to low muscle glycogen levels (33) . In the present study the trained group had markedly higher muscle glycogen values before the test and at exhaustion and it has been shown after the Yo-Yo IR1 test that several muscle fibers displayed low glycogen values (20) . In the present study the untrained individuals also showed a markedly greater glycogen oxidation and higher blood lactate levels at submaximal running speeds during the treadmill running in comparison to the trained group and a much greater muscle glycogen utilization rate during the YoYo IE2 test. Therefore, it cannot be ruled out that a fraction of the muscle fibers were low on glycogen during the test in the untrained individuals, which may partly have contributed to the higher degree of hyperammonemia in the untrained group. In addition to a lower ammonia production in the exercising muscles, a more efficient systemic clearance in the trained group may also have played a role. Ammonia is mainly cleared via the uric cycle and a lower cardiovascular loading in the first part of the test for the trained group may well have resulted in a higher renal blood flow during the test compared to the untrained group. Also this mechanism may have contributed to a better ammonia clearance. We did not determine the catecholamine response to the test in the two groups in order to evaluate indications of between-group differences in vasoconstriction in internal organs during the tests. Altogether, elevated ammonia production may also have contributed to the early fatigue development in the untrained group potentially via central mechanisms (30) .
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In summary, the Yo-Yo IE2 test can clearly separate performance and metabolic response between untrained individual and age-matched trained soccer players, with 4-fold higher rate of muscle CP and glycogen breakdown and rate of muscle lactate accumulation in the untrained. The present study reveals that the Yo-Yo IE2 test stimulates the aerobic and anaerobic energy systems differently for untrained individuals and trained soccer players. In addition, maximal oxygen uptake appeared to be important for intermittent exercise performance in the untrained individuals, but not for the trained soccer players. Furthermore, the present study show that heart rate and blood lactate concentration during a submaximal version of the Yo-Yo IE2, i.e. a 400 m version lasting about 4 min, can be used as an indicator of intermittent exercise performance for untrained individuals as well as trained soccer players. 
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